This paper describes a rapid algorithm for effective impedance in multilayered media. The layers are considered losses and have parallel interfaces. Recursive equations are developed and introduced that enable to calculate the effective impedance in compartments composed of any arbitrary number of layers. The calculations are carried out through an iterative process. Several important influence factors, that affect the multilayer acoustic absorber, are discussed. A simple algorithm is proposed, which allows to obtain qualitative knowledge of the behaviour of the frequency band with layer parameters. This technique can be used in different applications of ultrasonic techniques.
INTRODUCTION
Multi-layered composite materials are currently finding increasing engineering applications. Several ultrasonic techniques [1] [2] [3] [4] [5] have been used to characterize multi-layered structure. In order to improve the performance of multi-layered structure, it requires an approach to detect a small change in the thickness, density and velocity in the multi-layered structure materials. The acoustic impedance of the selected matching layers is known to act as an important factor in the performance of the transducer. A composite piezoelectric transducer with multiple matching layers has been described using a linear system model [6] . Influence of acoustic impedance of multilayer acoustic system on the transducer response has been carried out by numerical method [7] . A method, of calculating the overall acoustic impedance of multiple layered absorbing systems, has been predicted by traditional analytical method [8] .
Analytical acoustic transmission analysis was used to evaluate the acoustic absorption of the multi-layer acoustic absorber [9] .
In this paper, the similarly analogous electrical transmission line equivalent circuits [10] [11] can be employed to represent the effective impedance of multiplicity of layers terminated by a material of infinite length. Recursive equations, in the frequency domain are developed and the calculations are carried out using iterative method. The techniques described above are limited by number of layers but the present method extended to incorporate arbitrary number of layers of different thickness.
RECURSIVE EFFECTIVE IMPEDANCE MODEL
When using the analogy between electrical and mechanical transmission lines [12] , it is known that the transmission matrix of two transmission lines connected in tandem is equal to the product of the individual matrices [13] . This can be generalized to obtain the expression of the transmission matrix for any number of transmission lines connected in tandem. From this, the effective impedance in multilayered media can be obtained.
The acoustic impedance looking into one layer can be represented as shown in figures (1a) together with the equivalent circuit shown in figs. Where k is wave number K = k real + ik image and i is complex number. The impedance of one layer can be written as; where r 1 = (Z R -Z 1 ) / (Z R + Z 1 ) is the reflection coefficient at the first interface. The expression for the impedance looking into two layers can be written as; (6) where Z* R is the impedance looking into the second layer which can be expressed as;
Substitution eq. (6) into eq. (7) can be obtained (8) Where r 2 = (Z R -Z 2 ) / (Z R + Z 2 ) and r 1 = (Z 2 -Z 1 ) / (Z 2 + Z 1 ). Similarly, the expression for the impedance looking into three layers can be obtained; (9) where A = k 2 d 2 , B = k 2 d 2 + k 2 d 3 , C = k 2 d 3 . The recursive algorithm flowchart described in figure (2) is essentially a recursive digital filter. This algorithm can easily be implemented on a computer using polynomial algebra routines. It is clear that a recursive algorithm can be used to obtain the expression for the effective impedance across an arbitrary number of layers. The present algorithm has been used to compute the acoustic impedance of arbitrary number of layers using a finite sequence of instructions.
COMPUTATIONAL RESULTS
The computer implementation of the equivalent impedance of an arbitrary number of acoustic layers was investigated by studying the performance of the digital filter algorithm described in figure (2) . is different for each layer according to the velocity of longitudinal waves. The ten layers acoustic structure is assumed to be bounded on the front face by Perspex materials. Fig. (3) shows the amplitude spectrum for equivalent impedance of ten layers divided by acoustic impedance of the first layer (Z 1 ) without losses. The value of imaginary part for wave number (i mage ) used in the computational equal to -0.03 . Figure (4) shows the variation of amplitude with frequency for effective impedance of ten layers in losses case. From these figures it can be seen that the amplitude spectra are dependent on the acoustic impedance and velocity for each layer. Fig. (5) shows a multilayered structure having arbitrary impedance materials. Fig. (6) shows the equivalent impedance as function of frequency for block described in fig. (5) . It is clear from this figure that the magnitude of equivalent impedance strongly depends on the velocity and the acoustic impedance variation of the adjacent layers. Fig. (7) shows the effect of thickness layers on the effective impedance. From this figure it can be seen that the frequency spectrum is periodic with a period equal to the ratio of the velocity of sound propagation to the thickness of the layer. It is clear from this figure that the shape of the frequency domain is sensitive to 418 Recursive Algorithm for the Effective Impedance of Multilayered Acoustic Losses Media Figure 3 . Amplitude spectrum of effective impedance for ten layers without losses.
the thickness of layers and able to detect small change in the thickness. The results obtained by the proposed algorithm are in good agreement with previously published data [6, 14] . This technique can be used to obtain the Figure 6 . Variation of effective impedance with frequency for acoustic structure described in fig. (5) .
effective impedance looking out from the front and back face of the piezoelectric device. Also, this algorithm can be used to obtain the transmitted acoustic waves through multi-layered losses media. It is clear from all of these results that the computation using the algorithm proposed in this paper yields a speed and accurate determination of the effective impedance through an arbitrary number of layers.
CONCLUSIONS
This paper has described a simple computational method of the effective impedance in multi-layered losses media. The model proposed in this paper yields an accurate determination of effective impedance for any arbitrary number of layers of varying thickness and acoustic parameters. The simplicity of this model can be used in different ultrasonic techniques such as transmission of acoustic waves through multiplicity of layers and the effective impedance in the front and back face of piezoelectric device, 
